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DESCRIPTION 

A Method and an Apparatus for Estimating Saturated Polarization and a 
Method for Estimating Residual Discharge Capacity 

[TECHNICAL FIELD]This invention relates to a method and an apparatus for 
5 estimating saturated polarization voltage drops that occurs at a battery when a 
maximum current at high rate discharge continuously flows, and a method for 
estimating residual discharge capacity of the battery. 
[BACKGROUND ART] 

Remaining discharge capacity of a battery continuously changes. For 
10 appropriately operating a load with electric power supplied by the battery, the 
residual discharge capacity estimation is needed. For example, a suitable 
estimation of residual discharge capacity of a battery in a vehicle, although 
varied a little corresponding to a vehicle type, is required for the following 
reasons. 

15 For example, in a conventional engine vehicle, a battery supplies electric 

power to a starter motor for starting an engine. If the battery cannot supply the 
power, the engine will not start. After the engine starts, a generator driven by 
the engine generates the electric power to charge the battery and operate the 
load. Therefore, the battery becomes a secondary source. If the generator is 

20 troubled, of course, the battery becomes an only electric source to operate the 
load, and becomes important. 

Further, in an electric vehicle having an electric motor driven by the 
electric power from a battery, battery is an only source. So, if the battery cannot 
supply the power, the vehicle will stop. 

25 Further, in a hybrid vehicle having a motor driven by electric power 



supplied from both an engine and a battery, the engine often stops and the 
battery alternatively supplies the electric power while the vehicle is moving. 
However, if the battery cannot supply the power for starting the starter motor, 
the engine will not start. 

According to the above, the residual discharge capacity of a battery 
should be known for charging the battery while at least the battery can start the 
starter motor of the engine vehicle, or drive the electric motor of the electric 
vehicle. Further, the residual discharge capacity of the battery in the electric 
vehicle is equivalent to a remaining fuel level, and required to be known 
quantitatively. 

Incidentally, amount of charge available in a battery is generally 
expressed by SOC (state of charge). On the contrary, amount of charge to 
operate a load is generally expressed by ADC. ADC is defined as electric charge 
expressed by multi-Ampere-Hour (Ah), corresponding to a difference between 
fully charged SOC and finally discharged SOC. Sometimes, the ADC is 
expressed by volume percent in which the fully charged SOC is 100 %, and the 
finally discharged SOC is 0 %. 

Incidentally, it is known that the SOC of the battery is constantly 
related to an open circuit voltage as an open terminal voltage of a battery in an 
equilibrium condition in which various polarizations owing to charge-discharge 
cycles are canceled. Generally, the SOC of the battery is calculated from the 
relationship and the measured or estimated open circuit battery (for example, 
see Patent Document 1). Since the SOC is expressed by ampere-hour, the 
continuously changed SOC is known by measuring electric current through 
battery terminals against time through the charge-discharge cycles. 
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Patent Document 1: JP-A, 2002-236157 
[DISCLOSURE OF INVENTION] 
[PROBLEM TO BE SOLVED BY THE INVENTION] 

The SOC described above is electrical charge extracted from the battery, 
5 however, since an internal electrical resistance exists in the battery, the 
terminal voltage of the battery is reduced by an internal voltage drop 
corresponding to the discharging current and the internal resistance. Therefore, 
an electrical charge of the SOC in a state that the terminal voltage is less than 
an operable voltage for the load (end of discharge voltage) is not regarded as the 
10 electrical charge capable of operating the load. 

According to the conventional ADC described above, the residual 
discharge capacity is simply defined as the difference between a currently 
available SOC and the SOC corresponding to the end of discharge voltage. 
Therefore, although the dischargeable capacity remains in the battery according 
15 to the ADC, when the load is actually tried to be driven, the load may not be 
driven. Therefore, there is a problem that the conventional ADC may not 
accurately measure the state of the battery. 

Accordingly, an object of the present invention is to provide a method 
and an apparatus for estimating saturated polarization voltage drops, and a 
20 method for estimating residual discharge capacity of the battery in order to 
measure accurately the state of the battery. 
[MEANS FOR SOLVING PROBLEM] 

According to the present invention as claimed in claim 1, there is 
provided a method for estimating a saturated polarization voltage drop that 
25 occurs at a battery when a maximum current continuously flows at high rate 
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discharge, characterized by the steps of: measuring a discharge current and a 
terminal voltage at high rate discharge; finding an approximation formula 
expressing the polarization voltage drop corresponding to the increasing 
discharge current at high rate discharge according to the measured discharge 
5 current and the terminal voltage; finding a maximum polarization voltage drop 
and a discharge current corresponding to the maximum polarization voltage 
drop according to the approximation formula; computing a quotient by dividing 
the maximum polarization voltage drop by the discharge current corresponding 
to the maximum polarization voltage drop; computing a product by multiplying 

10 the quotient by the maximum current; computing a sum by adding the product 
to the polarization voltage drop corresponding to the maximum current 
according to the approximation formula; and regarding the sum as the 
saturated polarization voltage drop. 

According to claim 1, firstly, the discharge current and the terminal 

15 voltage at high rate discharge are measured. According to the discharge current 
and the terminal voltage, the approximation formula expressing the 
polarization voltage drop corresponding to the increasing discharge current at 
high rate discharge is found. The maximum polarization voltage drop and the 
discharge current corresponding to the maximum polarization voltage drop are 

20 found according to the approximation formula. The quotient of dividing the 
maximum polarization voltage drop by the discharge current corresponding to 
the maximum polarization voltage drop is multiplied by the maximum current. 
Then, The product is added to the maximum polarization voltage drop 
corresponding to the maximum current according to the approximation formula. 

25 The sum is regarded as the saturated polarization voltage drop. Therefore, 



according to the measured discharge current and the measured terminal voltage, 
the saturated polarization voltage drop that occurs when the maximum current 
continuously flows, and is useful when measuring the maximum capacity which 
cannot be discharged because of polarization can be found. 
5 According to the present invention as claimed in claim 2, there is 

provided the method for estimating the saturated polarization voltage drop as 
claimed in claim 1, characterized by the steps of finding an approximation 
formula expressing the terminal voltage corresponding to the increasing 
discharge current at high rate discharge according to the measured discharge 
10 current and the measured terminal voltage; making an approximation formula 
expressing the polarization voltage drop corresponding to the increasing 
discharge current at high rate discharge by subtracting a voltage drop owing to 
pure resistance of the battery from the approximation formula expressing the 
terminal voltage. 

15 According to claim 2, the approximation formula expressing the 

terminal voltage corresponding to the increasing discharge current at high rate 
discharge is found according to the measured discharge current and the 
measured terminal voltage. An approximation formula expressing the 
polarization voltage drop corresponding to the increasing discharge current at 

20 high rate discharge is made by subtracting a voltage drop owing to pure 
resistance of the battery from the approximation formula expressing the 
terminal voltage. Therefore, according to the measured discharge current and 
the measured terminal voltage, the approximation formula expressing the 
polarization voltage drop in the increasing current at high rate discharge can be 

25 found. 



According to the present invention as claimed in claim 3, there is 
provided an apparatus for estimating saturated polarization voltage drops that 
occurs at a battery when a maximum current at high rate discharge 
continuously flows, said apparatus including: a measuring device for measuring 
the discharge current and the terminal voltage at high rate discharge; a finding 
device for finding an approximation formula expressing the polarization voltage 
drop corresponding to the increasing discharge current according to the 
measured discharge current and the measured terminal voltage; and an 
estimating device for estimating the saturated polarization voltage drop by the 
steps of: finding a maximum polarization voltage drop and a discharge current 
corresponding to the maximum polarization voltage drop according to the 
approximation formula; computing a quotient by dividing the maximum 
polarization voltage drop by the discharge current corresponding to the 
maximum polarization voltage drop; computing a product by multiplying the 
quotient by the maximum current; computing a sum by adding the product to 
the polarization voltage drop corresponding to the maximum current according 
to the approximation formula; and regarding the sum as the saturated 
polarization voltage drop. 

According to claim 3, the measuring device measures the discharge 
current and the terminal voltage at high rate discharge. The finding device find 
the approximation formula expressing the polarization voltage drop 
corresponding to the increasing discharge current according to the measured 
discharge current and the measured terminal voltage. The estimating device 
finds the maximum polarization voltage drop and the discharge current 
corresponding to the maximum polarization voltage drop according to the 



approximation formula, divides the maximum polarization voltage drop by the 
discharge current corresponding to the maximum polarization voltage drop, 
multiplies the quotient by the maximum current, adds the product to the 
polarization voltage drop corresponding to the maximum current according to 
the approximation formula, and regards the sum as the saturated polarization 
voltage drop. Therefore, the saturated polarization voltage drop that is useful 
when measuring the maximum capacity, which cannot be discharged because of 
polarization, can be found. 

Therefore, according to the measured discharge current and the 
measured terminal voltage, the saturated polarization voltage drop that occurs 
when the maximum current continuously flows, and is useful when measuring 
the maximum capacity which cannot be discharged because of polarization can 
be found. 

According to the present invention as claimed in claim 4, there is 
provided a method for estimating residual discharge capacity of a battery 
including the step of estimating the residual discharge capacity for allowing the 
maximum current to continuously flow according to the difference between an 
open circuit voltage at the beginning of high rate discharge, and a voltage drop 
owing to internal resistance including the saturated polarization voltage drop 
estimated by the method according to claims 1 and 2. 

According to claim 4, the method estimates the residual discharge 
capacity according to the difference between an open circuit voltage at the 
beginning of high rate discharge, and a voltage drop owing to internal resistance 
including the saturated polarization voltage drop estimated by the method 
according to claims 1 and 2. Therefore, according to the estimated residual 
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discharge capacity, the battery can be precisely judged whether a load which 
requires the maximum current can be surely driven or not. 
[EFFECT OF THE PRESENT INVENTION] 

According to claims 1 and 3 as above described, the saturated 
5 polarization voltage drop that occurs at a battery when a maximum current 
continuously flows at high rate discharge, and is useful when measuring the 
maximum capacity which cannot be discharged because of polarization can be 
found. 

According to claim 2, according to the measured discharge current and 
10 the measured terminal voltage, the approximation formula expressing the 
polarization voltage drop in the increasing current at high rate discharge can be 
found. Therefore, a method for estimating saturated polarization voltage drops 
that can find more precisely the saturated polarization voltage drop can be 
attained. 

15 According to claim 4, according to the estimated residual discharge 

capacity, the battery can be precisely judged whether a load which requires the 
maximum current can be surely driven or not. Therefore, a method for 
estimating residual discharge capacity that can measure more precisely the 
state of the battery can be attained. 

20 [BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A graph showing a relation between a discharge current I and a 
terminal voltage V of a battery, which is measured at high rate discharge. 

[Fig. 2] A graph for explaining a breakdown of voltage drops of the 
battery owing to discharge. 

25 [Fig. 3] A graph for explaining a method for estimating a saturated 
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polarization voltage drop. 

[Fig. 4] A block diagram showing an apparatus for estimating residual 
discharge capacity having an estimating device for the saturated polarization 
voltage drop of the battery according to an embodiment of the present invention. 
5 [Fig. 5] A flow chart showing the steps processed by a microcomputer 

23a in Fig. 4 

[EXPLANATIONS OF LETTERS OR NUMERALS] 

23a microcomputer (measuring device, finding device for an 
approximation formula, finding device) 

10 [BEST MODE FOR CARRYING OUT THE INVENTION] 

Hereunder, a method, an apparatus for estimating saturated 
polarization voltage drops, and a method for estimating residual discharge 
capacity will be explained with reference to figures. First, a concept of the 
present invention will be explained with reference to Figs. 1 to 3. 

15 Generally, a terminal voltage of the battery reflects a charging state. 

The terminal voltages of balanced or unbalanced batteries are different. It is 
also known that the terminal voltage reflects a voltage drop owing to an internal 
resistance of the battery and discharge current from the battery. 

For example, in a vehicle, discharge is occurred through a starter motor 

20 when an engine starts. At this time, so-called rush current flows. The rush 
current increases in a short time to a large current being enormously larger 
than steady-state current and decreases to the steady-current in a short time. 
The short time is the time that allows high coefficient of correlation between the 
discharge current and a growth rate of the polarization. The large current is a 

25 current that allows a reliable measurement of the growth rate of the 
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polarization in view of voltage and current measurement accuracy. Concretely, 
in a case of a lead acid battery, the standard short time is, for example, less than 
400 millisecond, and the standard maximum current is, for example, 3 ampere 
or more. Generally, such a discharge is called as high rate discharge. By 
5 measuring the discharge current and the battery terminal voltage at high rate 
discharge, a change of the terminal voltage corresponding to a change of the 
discharge current in a wide extent of zero to the maximum current can be 
measured. Therefore, a graph shown in Fig. 1 is attained by plotting data pair of 
the discharge current and the battery terminal voltage at high rate discharge by 

10 high-speed sampling, in which the discharge current corresponds to a horizontal 
value, and the terminal voltage corresponds to a vertical value. 

It is very important for monitoring the state of battery whether the 
battery can continuously provide a maximum current Ip at high rate discharge 
or not. Accordingly, with reference to Fig. 2, the voltage drop of the battery at the 

15 maximum current Ip will be examined. 

First, the voltage drop at the maximum current Ip includes a voltage 
drop (Rj * Ip) caused by the maximum current Ip flowing through an internal 
pure resistance (ohmic resistance) Rj. The internal pure resistance Rj can be 
estimated by, for example, analyzing the data pair sampled at high rate 

20 discharge. A concrete method for estimating the internal pure resistance Rj is 
omitted here. The estimated internal pure resistance Rj includes an increment 
owing to the state of the battery, namely, the increment corresponding to a 
decrement of SOC, and a variation owing to the temperature and deterioration. 

A maximum voltage increment of the pure resistance is a difference 

25 between a pure resistance at full charge Rf and a pure resistance at full 
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discharge Re that are already-known values decided by a design specification. 
AR = Re - Rf 

Accordingly, if the discharge at the maximum current Ip is maintained, 
the voltage drop owing to the internal pure resistance is possibly increased by 
5 AR * Ip at the maximum. 

Other voltage drop except that (Rj * Ip) owing to the pure resistance Rj 
is a voltage drop Vpolp owing to polarization occurred in the battery 
Incidentally, according to a document "a cell as a function of operative current" 
in "Handbook of batteries" by David Linden et al. page 10, Fig 2. 1, when a 
10 certain amount of electric current flows, a saturated voltage drop owing to 
polarization corresponding to the amount of the current occurs. 

Because the high rate discharge is a shot time discharge, it is considered 
that the voltage drop Vpolp except the voltage drop (Rj * Ip) owing to the pure 
resistance Rj is not saturated. Therefore, when the maximum current Ip 
15 continuously flows, the voltage drop owing to the polarization is increased by 
AVpolp from Vpolp, then saturated to be a saturated polarization voltage drop (= 
Vpolp + AVpolp). 

Resultingly, a total voltage drop (Vmax) as a maximum voltage drop 
generated in the battery while the maximum electric current flows continuously 

20 is estimated by adding the voltage drop (Rj * Ip) owing to the internal resistance 
component Rj, the increment (AR * Ip) of the maximum voltage drop owing to 
resistance component, and the saturated polarized voltage (Vpolp + AVpolp). 
Such an occurrence of voltage drop in a battery reduces the residual discharge 
capacity of the battery. 

25 Therefore, Vadc found by subtracting the total voltage Vmax and end of 
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discharge voltage (Ve = OCVe - Re * Ip, here OCVe is an open circuit voltage at 
the end of discharge) from an open circuit voltage OCVn before the beginning of 
the discharge is an indicator of a current residual discharge capacity. 
Vadc = OCVn - Vmax - Ve (1) 
5 On the other hand, a differential voltage (Vf - Ve) between a full charge 

voltage (Vf = OCVf - Rf * Ip, here OCVF is an open circuit voltage at Ml 
charge) and the end of discharge voltage Ve indicates the residual discharge 
capacity at full charge having no deterioration. Here, ADC (%) is defined as a 
ratio of Vadc to the differential voltage (Vf - Ve). 
10 ADC (%) = {Vadc / (Vf - Ve)} * 100 (2) 

ADC (Ah) can be found by multiplying ADC (%) by K, which is a 
difference between a current time product corresponding to the full charge 
voltage Vf and a current time product corresponding to the end of discharge 
voltage Ve. 

* 15 ADC(Ah) = ADC(%)*K (3) 

Next, a method for estimating the polarization voltage drop according to 
the data pair measured by high speed sampling of the discharge current and the 
battery terminal voltage at high rate discharge will be explained. First, a 
quadratic approximation formula is found by, for example, using a least-square 
20 method on the data pair collected by the high-speed sampling. 

Then, a quadratic approximation formula of the polarization voltage 
drop is found by subtracting the voltage drop (Rj * I) owing to the pure 
resistance from the found quadratic approximation formula. Now, the quadratic 
approximation formula of the polarization voltage drop is defined as below. 
25 V=a*F + b*I +c (4) 
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Accordingly, the polarization voltage drop Vpolp (see Fig. 2) occurred at the 
maximum current Ip is defined as below. 

Vpolp = a * Ip 2 + b * Ip + c (5) 

As described the above, because the high rate discharge is a short time 
5 discharge, the polarization voltage drop Vpolp is considered not to be saturated. 
Therefore, if the maximum current Ip continuously flows, the polarization 
voltage drop is increased from Vpolp, and then saturated. In other words, if the 
maximum current Ip continuously flows, a resistance owing to the polarization 
is increased from a resistance (Rp = Vpolp / Ip), and then saturated. Therefore, 

10 the saturated polarization voltage drop (Vpolp + A Vpolp) is found by finding the 
resistance increment owing to the polarization. 

Next, a method for finding a resistance increment owing to the polarization 
will be explained. First, Fig. 3 shows a graph of the quadratic approximation 
formula (4) where the horizontal axis corresponds to the discharge current I, and 

15 the vertical axis corresponds to the terminal voltage V. In Fig. 3, measured data 
till the maximum current Ip is drawn by the solid line, while estimated data 
more than the maximum current Ip is drawn by the dashed dotted line. As 
shown in Fig. 3, in the quadratic approximation formula, the polarization 
voltage drop indicates the maximum voltage Vpols at the discharge current 

20 Imax. When the current is increased more than the discharge current Imax, the 
polarization voltage drop is not increased more than Vpols. 

A polarization resistance Rs (= Vpols / Imax) at the discharge current 
Imax is experimentally found to correspond to the resistance increment owing to 
polarization. Therefore, the saturated polarization voltage drop (Vpolp + 

25 AVpolp) at the maximum current Ip can be found by a formula (6) as below. 
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Vpolp + AVpolp = Vpolp + Rs * Ip = Vpolp + (Vpols / Imax) * Ip (6) 
Next, a method for finding the discharge current Imax and the voltage 
drop Vpols will be explained. First, a voltage drop per unit current owing to the 
polarization AV / AI is found by differentiating the formula (4). 
AV/AI = 2*a*I + b (7) 

A saturation point is a point where AV / AI = 0, and that is a maximum 
value of the quadratic approximation formula (4). 

0 = 2 * a * Imax * b (8) 

The formula (8) is arranged as below. 

Imax = -b / 2a (9) 

Therefore, the Vpols can be found by substitution of the discharge 
current Imax into the formula (4). 

Vpols = a * Imax 2 * b * Imax + c 

= a*(-b/2*a) 2 + b * (-b/2 * a) + c 
= b 2 /4*a-b 2 /2*a + c (10) 

Fig. 4 is a block diagram showing an embodiment of an apparatus for 
estimating residual discharge capacity embedding a device for estimating 
saturated polarization voltage of a battery according to the present invention. 
The apparatus for estimating residual discharge capacity is an apparatus for 
finding the saturated polarization voltage and the residual discharge capacity by 
implementing the methods for finding the saturated polarization voltage and for 
finding the residual discharge capacity according to the invention. An apparatus 
indicated by an item 1 in Fig. 4 is mounted on a hybrid vehicle, which includes a 
motor generator 5 in addition to an engine 3. 

In the hybrid vehicle, normally only an engine output is transmitted 
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through a driving shaft 7 and a differential case 9 to wheels 11. When driving a 
heavy load, the motor generator 5 works as a motor with electricity supplied by 
a battery 13. Then, an assisting output of the motor generator 5 and an output 
from the engine 3 are transmitted through the driving shaft 7 to the wheels. 
5 In the hybrid vehicle, the motor generator 5 works as a generator when 

decelerating or braking to convert kinetic energy into electric energy for 
charging the battery 13. 

Incidentally, in a vehicle, when an ignition switch or an accessory switch 
is on, a discharge current flows through the battery for supplying electricity to 
10 loads to be on. The motor generator 5 also works as a motor starter that 
compulsory rotates a flywheel of the engine 3 when a not-shown starter switch 
is on and starts the engine 3. In this case, a large rush current flows in a short 
time. 

The engine is started by the motor generator 5 owing to the on-state 
15 starter switch, then as a not-shown ignition key is released, the starter switch 
turns off, and ignition switch turns on, the discharge current from the battery 13 
shifts to the steady-state current corresponding to the load. 

Getting back to the explanation of components, the apparatus 1 of the 
first embodiment includes: a current sensor 15 for detecting the discharge 
20 current I of the battery 13 for the motor generator 5 and accessories and a 
charge current supplied by the motor generator 5 to the battery 13; and a 
voltage sensor 17 having an about 1 megohm resistor connected parallel to the 
battery 13 for detecting a terminal voltage V of the battery 13. 

The apparatus 1 further includes a microcomputer 23 collecting outputs 
25 of the current sensor 15 and the voltage sensor 17 A/D converted through an 
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interface circuit (I/F) 21. 

The microcomputer 23 includes a CPU 23a, a RAM 23b, and a ROM 23c. 
The RAM 23b, the ROM 23c, and the I/Fig. 21 are connected to the CPU 23a. 
The not-shown starter switch, the ignition switch, the accessory switch, switches 
of the components (loads) except the motor generator 5, and the like are also 
connected to the CPU 23a. 

The RAM 23b includes a data area for storing various data, and working 
area for various operations. The RAM 23b receives a control program for the 
CPU 23a. 

Incidentally, current and voltage values as outputs of the current sensor 
15 and the voltage sensor 17 are high speed sampled in a short time period, then 
fetched by the CPU 23a through the interface 21. The fetched current and 
voltage values are used for various operations. 

Next, operations processed by the CPU 23a according to the control 
program stored in the ROM 23c will be explained with reference to a flow chart 
in Fig. 5. 

The ignition switch (IG) is on, the battery 13 supplies electricity to the 
microcomputer 23, and the microcomputer 23 starts the program, then, the CPU 
23a gets the current sensor 15 and the voltage sensor 17 to sample the discharge 
current and the terminal voltage in a relatively long sampling period (Step SI). 
Then, the CPU 23a monitors whether the sampled discharge current I is more 
than a predetermined value or not. When the discharge current is more than the 
predetermined value, the CPU 23a judges that the rush current occurs. Then, 
the CPU 23a works as a measuring device, and changes the sampling period to a 
short time period, for example, 100 microsecond. Then, the step goes to the next 
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(Step S2), in which a quadratic approximation of the terminal voltage 
corresponding to the discharge current I is found. 

Incidentally, the quadratic approximated curve is found by the least 
squares method. For finding the quadratic approximated curve in the increasing 
current, each E member is computed according to the sampled discharge current 
I and the terminal voltage V. When the sampled values are continuously 
decreased at V times, it is judged that the discharge current I is turned to be 
decreased from a peak value. Then, according to the sampled discharge current I 
and the sampled terminal voltage V, each E member is computed for finding the 
quadratic approximation formula at the current decrease. Then, the CPU 23a 
monitors whether the sampled discharge current I is less than a predetermined 
value or not. When the discharge current is less than the predetermined value, 
the CPU 23a judges that the rush current ends. Then, the CPU 23a ends the 
operation for finding the quadratic approximation formula (step S3). Then, the 
CPU 23a respectively computes the approximation formulas at the current 
increase using each E member at the current increase, and at the current 
decrease using each E member at the current decrease (step S4). 

The CPU 23a operates for finding the pure resistance of the battery 
using the quadratic approximation formulas (step S5). In the operation, if the 
computed quadratic approximation formula includes a voltage drop owing to 
density polarization, corrected quadratic approximation formulas are computed 
by eliminating the voltage drop owing to the density polarization. Then, 
differential values at the maximum current Ip of two corrected quadratic 
approximation formulas at the current increase and decrease are calculated. 
Then, the pure resistance of the battery is computed as the center of the two 
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differential values. Then, for using in various ways, the pure resistance of the 
battery is stored in the RAM 23b. 

There are two ways for finding the center of the differential values 
corresponding to ways of the rush currents. When time periods of the increase 
and decrease of the rush currents are substantially the same, the pure 
resistance Rj is computed as an additional average value. On the contrary, when 
the time periods of the increase and decrease of the rush currents are quite 
different, the pure resistance is computed as an additional value attained by 
adding a value attained by multiplying the differential value at the peak of the 
corrected quadratic approximation formula of the increasing discharge current 
by a ratio of a time period when the increasing discharge current flows to a total 
time period of the charge current, and a value attained by multiplying the 
differential value at the peak of the corrected quadratic approximation formula 
of the decreasing discharge current by a ratio of a time period when the 
decreasing discharge current flows to a total time period of the charge current. 

Next, an approximation formula of the voltage drop caused by other 
factors except the pure resistance at the current increase, namely, a quadratic 
approximation formula indicating the polarization voltage drop corresponding to 
the increasing discharge current at high rate discharge (hereunder referred to 
as "polarization approximation formula") is found by subtracting the voltage 
drop owing to the pure resistance Rj computed in step S5 from the 
approximation formula at the current increase computed in step S4 (step S6). 
Thus, the CPU 23a works as the finding means for an approximation formula. 
The pure resistance Rj computed in the step S5 and the polarization 
approximation formula computed in step S6 are used for finding the saturated 
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polarization voltage drop in step S7, that is a step for estimating the saturated 
polarization voltage drop. 

In step S7 as a step for estimating the saturated polarization voltage 
drop, the CPU 23a works as an estimating device, and differentiates the 
5 polarization approximation formula computed in step S6 to find the maximum 
polarization voltage drop Vpols in the polarization approximation formula, and 
the discharge current Imax corresponding to the maximum polarization voltage 
drop. Next, the CPU 23a substitutes the maximum current Ip into the 
polarization approximation formula to find the polarization voltage drop Vpolp 

10 corresponding to the maximum current Ip, then executes the formula (6) to 
compute the saturated polarization voltage drop (Vpolp + AVpolp). Then, the 
process goes to step S8. 

In step S8 as a total voltage drop estimating process, the total voltage 
drop is estimated by adding the voltage drop (Rj * Ip) owing to the pure 

15 resistance Rj of the battery computed in step S5, the voltage drop (AR * Ip) 
owing to the maximum increment of the pure resistance varied corresponding to 
the state of the battery, and the voltage drop (Vpolp + AVpolp) as the maximum 
voltage drop owing to the polarization occurred by the maximum current Ip. 

After the maximum voltage drop is computed in step S8, ADC ratio is 

20 computed using the formula (2) in step S9. After the ADC (%) is computed in 
step S9, ADC (Ah) is estimated using the formula (3) in step S10. 

The ADC (Ah) estimated at the step S10, namely, the residual discharge 
capacity when the maximum current Ip continuously flows at high rate 
discharge is used in other processes (step Sll). In the other processes, for 

25 example, when a vehicle is stopped in a start and stop system ("idling stop"), the 
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ADC is used as a standard to judge whether the battery can restart the engine 
or not. In addition, the processes shown in Fig. 5 are repeated as long as the 
ignition switch is on (step S12). 



